Objectives: To identify the prognostic factors of prostate cancer death among patients enrolled in a Finnish prostate cancer screening trial. Methods: Data on TNM stage, Gleason score, serum prostate-specific antigen at diagnosis, comorbidity and primary treatment were collected from medical records, as well as date and cause of death from Statistics Finland. Four prognostic risk groups were defined based on TNM stage, Gleason score and prostate-specific antigen at diagnosis. Hazard ratios and their 95% confidence intervals for prostate cancer death were calculated using Cox regression and competing-risk analysis with follow up from randomization. The differences in the effects of prognostic factors were assessed using interaction terms. Results: The 15-year survival was significantly lower among cases in the control arm compared with the screening arm (0.90 vs 0.92). However, the survival advantage was limited to screen-detected cases (0.94 vs 0.91 in cases detected outside screening). The prognostic risk group was the strongest factor predicting survival in the control arm, but weaker in screen-detected cases. Advanced disease was associated with substantially poorer outcome in cases detected outside screening than in screen-detected disease. Primary treatment had a similar effect in all groups. Comorbidity had a small prognostic effect in the control arm only. Conclusions: Prognostic factors had a different effect on the outcome of cases detected through screening as those diagnosed otherwise. A high diagnostic prostatespecific antigen and advanced disease carried a poor prognosis, especially among the cases detected outside screening, even when lead-time was eliminated. This shows that the screening resulted in earlier treatment among the cases in the screening arm.
Introduction
PSA-based screening has been shown to reduce PCa mortality in a European screening trial, 1 and recent modeling studies suggested that the US Prostate, Lung, Colorectal, and Ovary trial would also have shown a mortality benefit, if the contamination had been lower and biopsy compliance higher. 2, 3 Even if population-based PCa screening programs have not been launched, PSA testing is widely used in several countries. This has led to substantial improvement in PCa survival, which likely reflects partly a true screening effect, and partly an artefactual increase in survival as a result of lead-time (earlier diagnosis) and overdiagnosis (detection of cases that would not have been detected without screening during a man's lifetime).
Optimal management of PCa is challenging because of a wide spectrum of disease behavior, from indolent to highly aggressive. Prognostic stratification of patients with PCa for the choice of optimal treatment remains a major issue. Optimal management should avoid both overtreatment; that is, excessively aggressive treatment modalities in patients who are not at high risk of disease progression, and undertreatment; that is, ineffective management of aggressive disease leading to treatment failure and development of metastatic disease.
It is unclear whether the major prognostic factors exert a similar effect on the outcome of cases detected through screening as those diagnosed otherwise. Here, we compared the impact of established prognostic classifications among men with screen-detected cancers and other cases in a Finnish PCa screening trial. The results are expected to inform prognostic prediction and hence allow optimized choice of treatment modalities to match the likely outcome of the disease. This issue has not been addressed in earlier Finnish Randomized Study of Screening for Prostate Cancer analyses, which have evaluated the differences primarily between the trial arms to assess the effect of screening on PCa mortality at the population level.
Methods
The Finnish Randomized Study of Screening for Prostate Cancer is the largest component in the multicenter ERSPC. 1 Briefly, 80 458 men (aged 55-67 years) were identified from the Finnish Population Registry. 4 During 1996-1999, a random sample of 8000 men was annually allocated to the screening arm, and the remaining men formed the control arm without any intervention. Men in the screening arm were invited for screening based on serum PSA. Screen-positive men (either PSA ≥4.0 ng/mL or PSA 3.0-3.9 ng/mL with the proportion of free PSA <0.16) were referred to diagnostic examinations including transrectal ultrasound-guided biopsy. The second screening round was carried out 4 years later and the final one after 8 years. Men aged >71 years, those diagnosed with PCa and men who had emigrated from the study area were no longer invited.
All men diagnosed with PCa between randomization and the end of 2013 were included in this analysis. The follow up started at randomization to avoid lead-time bias, and ended at death, emigration or the common closing (31 December 2014). Death from PCa was the end-point, with causes of death obtained from Statistics Finland.
The method of PCa detection was divided into screendetected (n = 1633) and other cases (n = 6315), where the other cases included the patients of the control arm (n = 4475), as well as interval cases and cancers among nonparticipants (n = 1840) from the screening arm (Fig. 1) .
Information on TNM stage and Gleason score was abstracted from the medical records. PSA at diagnosis (not screening) was used for all men. A modified version of the CCI was constructed based on hospital inpatient episodes up to the year 2010, obtained from the nationwide hospital discharge registry and categorized into no versus any comorbidity (score 0 vs 1-8) based on the distribution of CCI score. 5 The prognostic risk group at diagnosis was classified as low, moderate, high and advanced, according to European Association of Urology criteria. 6 Low-risk PCa was defined as stage T1-T2 with Gleason score ≤6 and PSA <10 ng/mL; moderate risk as T1-T2 with either Gleason 2-6 and 10 ≤ PSA < 20 or Gleason 7 with PSA <20; high risk was either stage T1-T2 with either Gleason 8-10 or 20 ≤ PSA ≤ 100, or stage T3 with any Gleason score. Advanced PCa was defined as the presence of at least one of the following: T4, M1, N1 or PSA >100 ng/mL. Primary treatment data were retrieved from hospital records and classified as radical prostatectomy, curative radiation therapy (external beam radiation or brachytherapy), endocrine therapy (luteinizing hormone releasing hormone agonist or antagonist, antiandrogen, or both, or surgical castration) or observation (watchful waiting or active surveillance).
Statistical analysis
The differences in clinical characteristics at presentation were assessed using Pearson's v 2 -tests and v 2 -tests for trend. Frequencies of missing values in the prognostic factors varied from 1.5% in primary treatment to 18% in PSA at diagnosis (Table 1) . PSA and other variables were statistically imputed for cases with a single value in the key prognostic variables. We assumed that any data were missing at random, as supported by "patterns of missing value" analysis. We used the multiple imputation by chained equations algorithm to assign the most likely values predicted based on correlation with other variables. 7, 8 There was no essential difference in findings using complete case analysis (n = 7227) and imputed data (n = 7948).
To assess statistical significance of the differences between the groups in the impact of various prognostic factors (trial arm or method of detection), interaction of the predictor and indicator of the patient group was tested. An interaction term was added to a model with both main effects. Statistical significance was assessed using the likelihood ratio test. Cox proportional hazards analysis was used to estimate HRs of PCa death and their 95% CIs. Variables were selected for multivariable models using a backward stepwise selection method with P = 0.10 as the cut-off. In the competing risk analysis, the risk of PCa death was estimated allowing for competing causes of death (i.e. death from other causes than PCa among PCa cases).
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Statistical analyses were carried out using Stata version 13.0 (StataCorp, College Station, TX, USA) and SPSS 23 (IBM Corp., Armonk, NY, USA).
Ethical issues
Helsinki and Tampere University Hospital Ethics committees reviewed the study protocol. Permission to use cancer registry data was obtained from the National Institute for Health and Welfare. Written, informed consent was obtained from the participating men in the screening arm.
Results
Of the 80 176 men randomized (after exclusion of 282 men who had pre-randomization cancer or death), PCa was diagnosed in 3473 men of 31 875 in the screening arm, and in 4475 men of 48 301 in the control arm (Fig. 1) . The median length of follow up was 16 years in both arms, regardless of the method of detection. The median age at diagnosis was higher (69 years vs 67 years, P < 0.001) in the control arm than in the screening arm ( Table 1 ). The participants in the control arm had more frequent comorbidities (age-standardized prevalence 10.5% vs 8.7%, P-value for the trend <0.001), statistically significantly higher PSA levels at diagnosis (9.59 ng/mL vs 7.20 ng/mL, P < 0.001), more frequent high-risk (25.8% vs 18.8%) or advanced tumors (11.6% vs 6.9%) and received hormonal therapy as the primary treatment (47.9% vs 32.5%, P < 0.001). The characteristics of the cases in the control arm were comparable with those detected outside screening in the screening arm.
There were 734 deaths from PCa. Cause-specific survival from randomization was significantly higher among the cases in the screening arm compared with the control arm (KaplanMeier survival estimates 0.96 vs 0.95 at 10 years, and 0.92 vs 0.90 at 15 years; age-adjusted HR 0.79, 95% CI 0.74-0.84 over the entire follow up; Fig. 2a ). PCa mortality in the two arms commenced to diverge after 7-8 years, and the difference increased over time (Fig. 3) .
Most prognostic factors had a comparable effect in both arms (Table 2) . PSA 6-10 appeared to carry a poorer prognosis than PSA <6 in the screening arm, but not in the control arm. A biopsy Gleason score of 8-10 had a stronger effect in the screening arm compared with the control. The presence of comorbidity was associated with poorer survival only in the screening arm, though the difference between the arms was not significant. Risk group was a very strong prognostic determinant in both arms, with some suggestion of poorer outcome for advanced disease in the control arm (survival proportion at 15 years in the screening arm 0.60 vs 0.51 in the control arm).
A survival advantage was also seen for screen-detected cases compared with other cancers (Kaplan-Meier mortality estimates 0.03 vs 0.05 at 10 years and 0.06 vs 0.09 at 15 years; HR 0.58, 95% CI 0.53-0.64 for the entire follow up) with 33% lower risk of PCa mortality among screendetected cases (Fig. 2b) . Age had a slightly stronger effect in the screen-detected cases, whereas PSA >20 was associated with a poorer prognosis in the cases diagnosed outside screening (HR 9.7, 95% CI 6.9-13.5 vs HR 3.9, 95% CI 1.8-8.5, interaction P = 0.005), with some difference also at PSA (Table 3) . Advanced disease carried a poor prognosis, especially in cases diagnosed outside screening (interaction P < 0.001).
The results of the competing risk analysis were similar to the main analysis (Table S1 ).
Discussion
PCa-specific survival was significantly lower among PCa cases in the control arm compared with the screening arm at 18 years from randomization. Screen-detected cases had a more favorable prognosis than cancers diagnosed outside screening. Of the specific prognostic factors, a higher risk was associated with advanced disease in the control arm compared with the screening arm, and particularly among cases detected outside screening compared with screen-detected cancers. A high diagnostic PSA was related to poor outcome, especially among the cases detected by other means than screening.
PCas detected by screening had more favorable prognostic features and a better outcome than other cases. This is in line with the findings of other ERSPC centers. [10] [11] [12] The present finding is also consistent with the reduction in PCa mortality reported in the ERSPC, and to a smaller degree also within the Finnish trial alone. 4 However, screening tends to detect slowly-growing tumors (length bias), which could result in more favorable outcomes without a mortality reduction. In addition, screening can increase survival time also in the absence of any real mortality effect as a result of lead-time bias (earlier diagnosis without change in time of death). We avoided this caveat by using follow up from randomization instead of diagnosis, assuming that mortality risk estimates 0.76/0.97 †Multivariable analysis using backward selection method with P = 0.10 as the cut-off. ‡P-value for interaction term derived from univariate (first part) and multivariate (second part) model.
would be underestimated as a result of excess follow-up time around the time of diagnosis. Of all 3473 cases in the screening arm, 47% were screendetected, 16% were interval cases, 18% were diagnosed 4 years after screening (post-screening cases) and 13% were among non-participants. The compliance rate was 91%. The frequency of PSA tests in the screening arm after the intervention remained reasonably high (24.4%), but this also includes tests carried out for diagnostic purposes among men with urinary symptoms or cancer suspicion (result not shown).
In the present study, older age at entry (67 years) was associated with a slightly higher risk of PCa death in the screen-detected cases. This finding did not persist, however, when allowing for competing causes of death. This could be due to detection of aggressive cancer at repeat screening, after harvesting those with a long lead-time at earlier rounds. Alternatively, these deaths could be due to contraindications for curative treatment, as the finding was not confirmed when allowing for other cases of death.
The effect of PSA >20 ng/mL was stronger among cases detected outside of screening than in screen-detected cancers. This suggests improved treatment outcomes also for larger tumors, because the finding cannot be due to lead-time only, as the follow up started at randomization.
Almost no difference between the arms was found in the association of the biopsy Gleason score with PCa mortality. Also, the differences between the methods of detection in the impact of Gleason score were non-significant. This is consistent with no major grade shift during the natural course of PCa from the preclinical to clinical phase.
We used a modified Charlson score based on hospitalization data alone, but found, in line with others, that comorbidity is predictive of PCa survival. 13, 14 However, men with comorbidity (CCI ≥1) fared worse than those with no comorbidity only in the control arm. This could be explained by treatment delays among patients with comorbidity. 15 The lack of such impact in the screening group might be due to screening resulting in more active investigations and treatments. We used a dichotomous CCI (0 vs ≥1), restricting comparisons of men with various degrees of comorbidity.
As expected, the prognostic risk group was the strongest determinant of PCa survival in both trial arms. The risk of PCa death increased with risk group in both arms, but the effect was significantly smaller in the screening arm and in screendetected cases. This suggests that screening improves outcomes also within risk group, or the screen-detected cases have more favorable features within risk group, or both. This might be due to earlier diagnosis and more active treatment for the patients in the same prognostic groups in the screening arm.
The frequency of endocrine treatment was lower in the screening arm than the control arm (47.9% vs 32.5%) in accordance with earlier reports from the ERSPC. 16 Our finding is consistent with an earlier ERSPC study that showed a better survival among curatively-treated patients (prostatectomy or radiotherapy) in the screening arm compared with the control arm. 17 We found the most obvious difference in advanced disease, with substantially poorer outcomes in cases diagnosed outside of screening than screen-detected cancer. This cannot be explained by lead-time gained by screening, because it was avoided by starting follow up at randomization instead of diagnosis. This suggests that earlier detection also allows improvement in treatment outcome in advanced disease. This could be due to less advanced disease or better effectiveness of treatment, or both. Furthermore, hormonal treatment was associated with worse outcomes, especially in the control arm.
Overdiagnosis leads to overestimation of survival in screen-detected cases. We were unable to identify cases detected by opportunistic screening. This very likely underestimates the differences in outcome between the screendetected and other cases. Missing data was common in some covariates, especially PSA, and it was addressed by imputation. Imputation did not materially affect the results.
In summary, screen-detected cancers have a better prognosis than cases detected outside screening. The screening arm had a 20% reduced risk of PCa mortality compared with the controls. Advanced disease is associated with poorer outcomes in cases outside of screening than screen-detected cancers, even when lead-time is eliminated. Minor differences between patient groups were found for specific prognostic factors. A high diagnostic PSA was related to poor outcome, especially among the cases detected outside of screening. This indicates that the screening resulted in earlier treatment among the cases in the screening arm. Nevertheless, the prognostic risk group based on stage, Gleason score and PSA at diagnosis remains the major prognostic determinant for PCa detected by screening and other means.
